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(54) TiUe: MEMORY ELEMENT AND MEMORY DEVICE 
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(57) Abstract: There arc provided a memory element 
and a memoiy device capable of obtaining a spin con- 
duction layer having a sufficient spin coherence length 
and a uniform spin field which enable implementation 
in practice. The spin conduction layer (paramagnetic 
layer) (24) is, for example, a thin film of fullerene hav- 
ing a thickness of 0.5 nm to 5 U m. The fullercne has 
a hollow space of size 0.1 nm to 50 nm and a para- 
magnetic material is contained in this hollow space. In 
the fullerene thin film, a Fermi vector is preferably su- 
{jerimposed on the minority-spin-band or the majority- 
spin-band of the ferromagnetic fixed layer (23) and the 
ferromagnetic free layer (25) and the spin orientation of 
the paramagnetic material contained is at random. Fur- 
thermore, the electron spin in the fullerene is in a quan- 
tized state in the pseudo-O-dimensional space. Thus, 
in the fullerene thin film, the spin coherence length be- 
comes longer and no spin-polarized conduction elec- 
trons are scattered. 
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jfi¥t^S$nTViSlgS^^>^A • T^-kX • ;>^^:U (Magnetic Random Access 
Memory ; MR AM) tt> SRAM (Static RAM) (D-^M^. DRAM (Dynamic R 
AM) (D-^mm. :fea;t;t:7^>y V3L^^:'J©^»%tt**fe<i;^T:i3t) 

fft>ns. C:©J:5IC, MRAM«@#;>^^:U-^»«>fefe. iK^'s^y HSfflV^T^ 
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mmnmrnz^v). ;^n:^h-^*tifecs^-en'b^s. mx\t. mo. 2nm<o 

e> b fc^s *«-r s t b T . mum^ommT. tr > as t >5 
m^^^^^mzi^^uYLAutim^'^tvT:^^^ mmw-i 1-12075 ^n<im. 
mm) o ^<D:A^vm'3^\tm2 z'mcD^oizmm'^nx^^^o ri^t)-^. mit:^[^ 
7&tsfcH^$ns3S8SttJi m^m) 1 1 1 i:. if y hmm\zj^\:'xmit-:^m^m. 
it-^^^mm^m (gfts) 1 1 2tf)^. s«gi 1 3t'j;Di^Te.nxvi^. 

114. 1 1 5 mm.m 111. 112 (C«M;&jRllcmiJl£ 
MXt!>i^ASTtt, 3iHSSttSl 11. 1 1 2 

m^iR^^o iltL(CJ;D> ^mitMl 1 2TJ*. ^iSf^ffl<&§^tT^^^^:-p^>h 

j&^ste-rs. z.<Dmm\-i7.}d>mmtm^n^o ji-sufcxtf^msis^^Aicj^o 
©ffi<^#mi:UT«, m^Th^mm*^:^i^>^m^miz0^m^-t^^tf}^^. m 

11, 11 2(DP^tc:iBg^n^^«]Si 1 313:, ?@S^Wx^-1J-iLT<DtgSiJlc 
V^ifi-oXs -^ISStt® 1 1 3 :^t!>3t:-W>7.:S<DSVi*ri^T?a&oT. 

Bta-itei 11,11 2\zMvx7.}d>wcsLf)mibx/i^-^^^mnx$>^^^^mab^o 

tfsit)-^. "^m^mi 1 3\z^\^^x7.\f>mmL-rciRmm^f)mn.-^n^mvx 
x}d> <Dm\^f)mt> s . -K^n^d^^r s X t! >'!t^*t^t)nT b * -5 ji t c , 
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(D^p:f3i<t%-m^^'^^> m^miom&^mtm2o 

X$>^o 

ii ^BJf ^ 86 © & -5 . 
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^1 1 AEi;^viL^i 1 cia«. mi oMizm<:Lm<ommm'^^^. 

mi 3m\t. mi 2®o¥®Bn?*s, 
mi 4Amtsi\f^vmi 4C0a. mi 2m\zm<jLm(ommm^$>^o 
mi 5 AgD^vibmi 5 emit, mi 4cmizm<jLm<Dm^m'v$>^o 
mi 6 mit. mi 5 cso^M^^fes. 

mi 9iat*> :^mm(Dm2(Dmm<Dmmizm^:^'eumi^(Dm^^^Tm'c:&^. 
m2 om\t. mi 9m\z^i'rc;^^^jmi'^$^mvxf^^:<=Evmm(Dimmm 

im 1 (Dm-momm) 

mimit. :^mm(Dmiom^(DmWi\zm^:^^^jm'ir<om^'&^vxi^^^. n 
^TMM 1 \t. mm:^\f>mi'(D^x\z^K)mi\:KtiK^^\^mc'r^fx 
§#jii^*fT5 rxbr>?^AMj ©^^-e*€»o ^2^^*. p<^:»j^^mmi*;^ 

Ma?!lNfTBS2?!l : MXNSaa^) $nfc'b®l?*D> #pt^Uir;i'2 Ofc:Xfc!>^iSb 
tf>iiA:;&^) • Cl©^^:U-fe;i/2 0©®F«g(D;^#$tiO. 5 nm^ |j;±5 Atm^ 
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mM-^n^. mm^m^m2 3<o±\zyi7.\i>^mm2 4i!)m^-^nx\,^^, 
?^\i>^mm2 4<o±\z\t.mm^um^^f3i^mm^^^m m2<Dm&nm) 2 

5;&«?^^$nT^0, ZL<D^m^^!^m2 5\t2'D<D^^\^^mit:^^t:mi^. 2 

'D<Dmi\:.:^\^<D\f^'rn^^(D-':^(D:^\pi\z\pi\^^x\^^^o ^:®3tiSStte*Ji2 soa-fb 

S«2 l««»I;^«v'U3> (Si) *^e?5;So miiB2 2, 2 6 

(Au) iz^y)m^-^nx\,^^. ii<D'^m^^mi:hx\t^&.^x%. m 
mm'^7./^y^tkmz^y):in^mmm2 2. 2 6\znhx^mzmm^i¥m.ir:& 

Ji 1 5&«"r ^ s "b (DT n«<k Vi. 

;^tf>-l5Se2 4«> ±5&©ck-5fCl^SltttJil^2 4bSr|^^Ufc7^-l^>2 4 

y^-U>2 4 ait. m^it±^-^i!)^0. 1 niniJi^±5 0 nmiUTO*^£^L' 
T:feO. C©'l'^g|5^ic:1gr?gS1t*f!|Bf2 4b*tF*g'a$nTViS. y^-U>2 4 Si ii 

hxu. m^itcsa. Ceo. Cto> C72» Ct4, Ct6^s vi^Csad^^tf e>n«), 

^»TO2 4b<i:UT«, ^>i5'> (La) , ±zy^A (Cs) , i^XT'nv"^ 
A (Dy) , :i'^Dt;':7A (Eu) , fe^V^ttiit; H U (Gd) ^<D^±m7t 

m'p. N (^^) . p (u» ^©^^STcf^dt^tf e.ns. 
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^n^y ^-u>mm'v\t7.\fymmnmf)m<^^> f ^t)t>7. tf >3 ^> 

mit-:^}fliSr fcH^tsnrviSojcMb. ^ai4esM2 5«2-:3<7>^^i^fca'ffc; 

g fin 2 5 Jix tf >M$nfcm^iSE7&^ii A$n^ <i:^Ccfc Da<b®iPi#5i)>'lHlfe-r 
3tattg*«2 5©2'^a'fb:;&W> 'J •fe;l'2 0 28^© 

I3iiitil^i;:^iisu> cine.iB®l^^j&« rij , roj (Dmnti^x^^m-^n^o 

: (110)B3FtO bcc Fe 

(0 0 1) MBlBj bcc F e 

■ C$ft®F«3SaFRl hep Co 

(1 1 1) BBtRl fee Co 

(1 1 0) IBI^ fee Co 

(0 0 1) saiR] f c c c o 

27n-&^ : F e i-r C Ox (0<x<l) 

Nix Fei-x (0<x<0. 7 5) 

NiT9Fe2i (/t— -^n-r-g-^) 
3 TC-a ^ : M n F e C o 

F e CoN i 
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Vitc^j^sfeoss^^-rsi:, iB^lt^ roj 3&^^ rij , ^fe, rij J{>^e. 

±<D±:A^v±.)V2 o^mmzir^jrT^ii^iz. "tjvim^ftK^iziZxmi^mmf)^ 
mz. Matt@*ii2 5«, mmi^rc<i^^iz2-D<D^Mitvrdmif^\^^W'=>^ 

<Dm<o€\Zj;:^mm^^Vf^\^^. M^t^a«Hu*ti o OOe (x;l/7.5^»y K) «fc 

\z/b-^i3i—mm:&^<Dmmuu^^t^mm^un^m^^^m'^\t. mi\i-:&\^si. 

nft (110) mbc cm^. i^^m^m^^z^-mm:^is^<Dn\fmm'iiut:m-t 
mnu^^-t^. M\z. m^it. mp^cm^mz—m^:^^^iM^'fthcv>^/vv 
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mmifi (110) <i 0 o>:»mzmn-'mm^m-:^^<Dmitmmm 

^ u ^i^MM 1 5tMtt@^ii 2 3 1*. ifiS'fb(^i^#j&^0f^©:i&[Rj s 1 \zmM 
MMi-e«> M?lttgffi/i2 5(7)2o?^'fb::^ip]j&t#;<^Uir;i/2 o ic^feit^ 2o(Z) 

mit(D\^^i!}mK>m^^n^z.t\z^K). Bmmm ru sfc^ roj (Dm 
m.m,^mmzm.tz.ii\zj;:,y>±\:.^B±mmMM^^ (gmr) ^mm-t^^t\z 

fe) f)mt>n^o m^imm^mm^nmim^'v&^m'^ (^4 as) ©s^ii 
TifaT^ffe/t;i'7. J p5^> ^iH4Sft®2 5*ie)^?gstt@^)i2 a^ijsn^o 
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p resign* dtCcfcO, 3SMttgsg2 5o;;^tf>©i^i^*tsi^-r§. 

fraikM-a-j 3sjssi«feift©2 5 t^mi4@^a2 3<h©a'fb©[^#7&tiii;:;& 
Iritis sit sviVi, rs^ffa-fb^'&j g!&?ssttg*®2 5 tsiatt 

s iRi ^ d^isaiRj ^ t 0 . ^^"J^mm/WT. J p dt5iiai4@5ts 2 3 5 mm^ e 
*B 2 5 ^siEn. «siE^agA;i/x J e (x-r I ) m^&^^^n 

J p <i:SM;5f|R]fC?^n^;i<i:lC<fci9Wja$n^o t-TSrtf-fe, staM^Ji 2 3 

}i(Oh^. 3SaitSftM2 3Jc«, ci©^mttesji2 3©7.tr>iS;^^rRj# 
tf>*th;i't^*&j^$ti, ^<^;^tf>©tRi#7&tKii£t-§, Ji<DSi|g$nfcxtf>* 

o\zm^mmiz^vf^m^mj t (a) j^o^a^k. i-yfi^m^-T^/vvxumm 
sns. ^(o^^izT.^ >y^>ifmmi\z^r), WM^\^mm2 5<Dmit<D^^i!fi 
Kmv. ^m^^mm2 5<om^(D\^^ifimmmm^m2 3iimv\^^tf3iy). ^ 
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<&Sit{ciiStt-cppsBet^n, u:fmmMi^Mmtimm-^n^o mx\t. ^nm 
^t\z^^. f^m. roj izMj^'r^is.m&/v]/XY lovr fim^n^ imeBm) . 
vmw^)v:^f)mn^cnz^<o. mm fc^jis:-rsi^«jE/t;i/xVht«h*t# 

MRjt (AR/R) ^n^famz. m^^m^m 2 3 :is^zmmm^&m 2 5 (D^ 
m^m^-t^momi'ommp o 1 1 . p o 1 2 Hi^ymowi.^ 1 ^^fe-r^©^ 

2- Pol go ^),3 

1- Pol i' Pol 2 

S X y T H l/X;&^*«#tf e>ns. 

«€i2i^l?fflO@B^4 1 <£Wr^T l{@(Dp^^U-fe;U2 
0 JCj^^gl^^i^tt, m:@ji2 2l?© mmt. «@S2 6T©2lgm<i:L, |^^4 
ig^a!l^*^fft)nS. 2 2, 2 6 ®^>«r 1 S 2 SiS™^ 

nsi^fc©^?^., »ji*is#SiS&j©^s«si£*«8sn§z:tKj;t)p^^:U-fe;i'2 o*t 
mn-^n^o ^<Dt^. m^T^^ifint>n^^'e:^j±jv2 0iz:^^^x/vvx(D-'W(. 



V/O 2004/032238 PCT/JP2003/0 12647 

12 

xmmt^, fSi^. mi om\-miiAm<D^mmx&o. mism\t,mi2m(D 

^-r. mi omii^zfmi 1 Am\zmvrcj;:'^\z., m^Ui^^jziyt^^^fi^mm 

d;oT, StR2 icDMi^cDiilS'fiOOMJSt (^®:;>c^^3&5^JAti2 cmx 2 cm) iz 

:k\z. mi iBm\zmi'rc^viz. nmmz 2(d±\z. m^ity^huv^^y 

xhms i\z:^^^)'t)V2 0 (ommzis&\:.xn9'-=^>ir^mto 
m^x. mi icm\z^i^tz.i:^\z. mx\tMmmz^^x. msxFe^^u^ 

2 3(Di?$«0»J^«4nmt-rs. *fc, 3SMtt@5tS 2 3 ©^J^©l^, lOOO 

:k\/^X. ^iJ^t^y^Xv^^fe^CcfcoT. 'fi?iJ;l^^L a^grl^'^bfeCsE (La@C 

82) if^^is,^. m^ti^2 Q nwi(oy.\f.>^mm2 A^^mt^. ^(DCsz\t.mx\t 

3l«ggH4®5t®2 3©-ttlS:^44»*«^i#SnTViS. 

jg'&Mo:^7XTa'&ii@i£fflVi^ («aj^ti4#M¥8- 5 922 o-^#fiS) . 2:0 
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©Csz) lCj;0j!!&Mt-§<fc5tcUfeCDT> *|-^liiK^S*ff'5c:i:*^T?^. 

c ttl*«^?H4@5£ji 2 3 ©a-fb t^frld/^SJ: -5 (C. ^SSi^S *J1 2 5 tC-«llne^ 
l^V^T. ^«SJCJ;oT, «SJ^t^^J;OJ&:S> J?$*t 2 5 nmOmM 2 6 

V±.}Vms 2 a*5<fclCX^fl6i^^«|5 3 2 b©±S*®m$ii-^. 

m^T. mi 4:cmiz^vrc^v\z. uz^:^hm3 4^m^mzm^-r^o v-j 

XhM3 4J*, Wim=i'U3 2 bS®5i^lc:p^^:U-t;PgB3 2 aSmtHS-^ir^J; 
ViT?, Ml 5A0Jc:^L;fc«k'5te, Ui^x hjli3 4*S'5a:'5t3LT, -PII^^Au 
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vvy< 3 4 *^«?i^*-r s 21 1 fcj: D . mm=^n 32b *t®mt-s7!>t, 
i;^^3 scujEEM^ffio^-f -^3 6. 3 7 :fe<fcr;mss/^;w;^ffi®'7< 3 8 , 3 

9*3j?>7^^ >i^lcJ;Dfi^^$'&-5. %Lmz. m (Cu) *^e>75:5b-h'>>i7 
^: 'J ^-^^MM 1 ta^^t^o 

c:©J:'5ic«fK$n:fe^^U^^MMiTtt, ^?ltteSP2 5©2o(OMfl2:& 
rij ^ifcti roj izm^j2^^T(fi^^n^o 
'^>'^-V'>^M«> l^'a$nTVi^^a'l4**!^2 4 b07>tf>(Di3lR]3&^^>iS^A 

m'T7.\d>}A. mo'^Tt^mxm^it-^nft^mizdb^o n^x. 7.\^>^mm2 

^mm2 4P^X\t. i-5)-J5:;^tr>nt~U'>7>S43J;rJfl^— ?5:7.t!>^*#§::i: 
J:(7)d:5tC2|5:*li<^J^M-C«, ;^t:>e#Ji2 4&. :^#$*^0. lnmE;t±5 

0 nme4T©t«^*Wb> If ^^c^^a'l4l^i|B^*^l^3^$nfc7 5-^>'^c<kr)?^^!Kt- 
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m^mtLXU. FeMn, IrMn, NiMn. RhMn, CrMnPt, F 
eMnP t^^^tf e.ns. cn^CD^X. NiMn«. iiiMl?'b;^€Vi tf 

mXUs T=4 5 5 OOeiSac) d^#e>tlS Ci:3&ie>§f3g"T?*S. 

x^m^m^^^i:mm'hmt3.^tiii!)mmx$>^o ±g3^M(7)?^iiT«iB^ 
mm^m^m'r^m\zGMRM^^mm'r^^z>\zvrc-fy^. mxitmm^^^mz 
5izyt^mM'r^t^\z^'r^mm.:^—^^^mm'r^^'^\zvx%^\f^o 

m^^^DS J: t7&ti?^§ (mAR. FIEDERLING. M. KEIM, G. REUSCHER. W. 
OSSAU G. SCHMIDT, A. WAAG & L. W. MOLENKAMP Nature 402, 787 - 790 
(1999)" Injection and detection of a spin-polarized current in a light- 
emitting diode") o 

U-oX. Jl®f&»att'&^&Xtf >fe^B*miafcXtf >@B«li 5 2iiiyXmm 

^mm^^^^^iihX\t. mXiis (In.Mn)As. (Ga,Mn)As, (Cd,Mn)Te. (Zn.Mn)Te. 
(Zn.Cr)Tej&t^frf e^n-S. 
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75:^3t1gS14BI^®2 3tXtf>^^P Ut!>fe^P24) ©F^T?a5D, JltllCfc 

j^cfe, xtf>e^ji2 4c^*n^7^-l/>^c:l^^$i^ 

tJJ;^Jc:bTt>J;Vi. Mlc, ±|B^iSo?^^-Ct«^2 1 ©itc. «®«2 2. 3t 

<u.nmm> 

WMM ; Aum (JP;^ 2 5 nm) 

^Wi^^^m ; N i 81 F 6 19*^6:^^/1— "^D'TII^ (J^S 1 nm^ c^ifi 

'^iSSM ; L a@C82?il^ (i¥$ 2 0 nm) 

^iSSItSytW ; N i 81F eiBd^e)?^:^/^— "^D-TM (JP$4nm, — ttS 

nmm ; AuI^ (JP^SOOnm) 

: ~ 9 0 % 

^aSttSfi^tC^-rSBF^W^S^^IilSSJ® : Hu==+2Ku/Ms-'l OOe 
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:^t!>IS?^S : --1. 9X10*^ cm* 

^;w^- hmmw^^ : o . o o 5 

BS^fit J t : ~ 8 X 1 0 3 A/ c 
MfSMM : 1 6mQ 

y<X«JEE (1 OHz BW, 7 7k) :0. 2nV 

mmz^^X^ y^>ifmMm&:'^2Xl 0* A/cm* 
X-fy^^^yi^We (0~7C) r—O. 0 5m# 
MtBbtf^Ot!-i57t«g«:f3 : -0. 1 pW 
ISffibmMS : ~3 X 1 0* A/cm* 
^aiL«i?iEA;l':^ : ~5. OjnA. IHz 
CPP GMR 4% AR/R : ~ (8 0 0 mQ/2 OmQ) 
0 MJBE : ~ 5 n V 

mmmm : ~ 3 o % 

^^mizM-t^mP^^^Sim:»Bmm :Hu = +2Ku/Ms~10Oe 
Xtf >ii:5^S[ : ~ 1 . 9X10»^cm* 
^;W\'-hMg^^ : 0. 0 1 
HIM J t :~8X103 A/ c m* 
^^^^ : 1 6mQ 

y^rXmiEdOHz BW, 77k) :--0. SnV 

. mmz^^^^ y'^yifmwimsi :~2xio* a/ cm* 

X-r »;/^>i^l^F^0 (0~7t) :~0. 
^ttiLtfofcr-i^t^S«:/3 : -0. IpW 
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^invmrn^m 1-^4x10^ A/cm* 

^tBbmgiEA°;i/X : ~6. 4jtiA, IHz 

CPP GMR 4% AR/R : ~ (8 0 0 6mQ) 

^m^rnvms. : ~5 nV 

t # ^ C feo 
<a!l5tfit> 

X'f >y5^>i^««E^fe : ~5. SXlO^A/cm* . 
;^<'y9^>^^BtW0 (0~7t) :~0. 0 8/i# 
^tliU4»(^)k!'-i7?g»m:^J : ~1. 0 pW 

mmvmm^m r-ixio^ A/cm* 

^aibmSlE/i;i/X : ~5. OfiA, IHz 

CPP GMR 4% AR/R : - (8 0 0 AtQ/2 OmQ) 

¥i^^^5J^^t)«JBE : ~4 0 n V 
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^^tlTViS. '(0><rCD?gS^p^^>J^TMM2tt. «fii«4A, 4 B *:^^bTB3i^P 
5 A, 5 BlCg^gg^nTV^v^. 

$tlTVi-g> (K. Tsukagoshi, B. W. Alphenaar and H. Ago "Spin coherent 
transport in a ferromagnetically contacted carbon nanotube" Nature 401, 
572-574 (1999) ) . cmt^^U, SldT^Xtf 3 Off*. 

^fflW-^«gHtbT. itiao. 5 nm—S jtim-ca^S* ..ko 
T. ;r<DXtr>'(5^»3«, i:fB2 0<D#:fr*|W|Pt(cM-r€>J;'5tC75:oTVi^, 

(1) Xtf>eSS3i:bTfiJffl$nStlRll^lC. (2) m^##:0^1'l5*«^'r 

#fFll2 5 4 6 1 1 4#i^#tc:«. ;^j-3j^>:J-y5^3.-:/(Z)4'^i>(ca& 
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